The differential transform method DTM is applied to the steady three-dimensional problem of a condensation film on an inclined rotating disk. With similarity method, the governing equations can be reduced to a system of nonlinear ordinary differential equations. The approximate solutions of these equations are obtained in the form of series with easily computable terms. The velocity and temperature profiles are shown and the influence of Prandtl number on the temperature profiles is discussed in detail. The validity of our solutions is verified by the numerical results.
Introduction
Most phenomena in our world are essentially nonlinear and are described by nonlinear equations. Some of them are solved using numerical methods and some are solved using the analytic methods of perturbation 1, 2 . The numerical methods give discontinuous points of a curve and thus it is often costly and time consuming to get a complete curve of results and so in these methods, stability and convergence should be considered so as to avoid divergence or inappropriate results. Besides, from numerical results, it is hard to have a whole and essential understanding of a nonlinear problem. Numerical difficulties additionally appear if a nonlinear problem contains singularities or has multiple solutions. In the analytic perturbation methods, we should exert the small parameter in the equation. Therefore, finding the small parameter and exerting it into the equation are deficiencies of the perturbation methods. Recently, much attention has been devoted to the newly developed methods to construct approximate analytic solutions of nonlinear equations without mentioned deficiencies.
Mathematical Problems in Engineering
One of the semiexact methods which does not need small parameters is the DTM;, this method was first proposed by Zhou 3 , who solved linear and nonlinear problems in electrical circuit problems. Chen and Ho 4 developed this method for partial differential equations and Ayaz 5 applied it to the system of differential equations; this method is very powerful 6 . This method constructs an analytical solution in the form of a polynomial. It is different from the traditional higher-order Taylor series method. The Taylor series method is computationally expensive for large orders. The DTM is an alternative procedure for obtaining analytic Taylor series solution of the differential equations. In recent years, the DTM has been successfully employed to solve many types of nonlinear problems 7-14 .
Removing of a condensate liquid from a cooled, saturated vapor is important in engineering processes. Sparrow and Gregg 15 considered the removal of the condensate using centrifugal forces on a cooled rotating disk. Followingvon Karman's 16 study of a rotating disk in an infinite fluid, Sparrow and Gregg transformed the Navier-Stokes equations into a set of nonlinear ordinary differential equations and numerically integrated for the similarity solution for several finite film thicknesses. Their work was extended by adding vapor drag by Beckett et al. 17 and adding suction on the plate by Chary and Sarma 18 . The problem is also related to chemical vapor deposition, when a thin fluid film is deposited on a cooled rotating disk 19 .
In this paper, the DTM is applied to find the totally analytic solution for the problem of condensation or spraying on an inclined rotating disk and is compared with the numerical solution and the homotopy analysis method HAM . This problem was studied first by Wang 20 in 2006, andRashidi and Dinarvand 21 applied the HAM for it; please also see 22, 23 . In this way, the paper has been organized as follows: in Section 2, the flow analysis and mathematical formulation are presented. In Section 3, we extend the application of the DTM to construct the approximate solutions for the governing equations. Section 4 contains the results and discussion. The conclusions are summarized in Section 5. Figure 1 shows a disk rotating in its own plane with angular velocity Ω. The angle between horizontal axis and disk is β. A fluid film of thickness h is formed by spraying, with the W velocity. We assume the disk radius is large compared to the film thickness such that the end effects can be ignored. Vapor shear effects at the interface of vapor and fluid are usually also unimportant. The gravitational acceleration, g, acts in the downward direction. The temperature on the disk is T w and the temperature on the film surface is T 0 . Besides, the ambient pressure on the film surface is constant at p 0 and we can safely say the pressure is a function of z only. Neglecting viscous dissipation, the continuity, momentum and energy equations for steady state are given in the following form: In above equations, u, v, and w indicate the velocity components in the x, y, and z directions, respectively; T denotes the temperature, ρ, ν, and α are the density, kinematic viscosity and thermal diffusivity of the fluid, respectively. Supposing zero slip on the disk and zero shear stress on the film surface, the boundary conditions are
Flow Analysis and Mathematical Formulation
For the mentioned problem, Wang introduced the following transform 20 :
Continuity 2.1 automatically is satisfied. Equations 2.2 and 2.3 can be written as follows:
If the temperature is a function of the distance z only, 2.5 becomes θ 2Pr fθ 0, 2.13
where Pr ν/α is the Prandtl number. The boundary conditions for 2.9 -2.13 are
2.14 and δ is the constant normalized thickness as
After the flow field is found, the pressure can be obtained by integrating 2.4
The Differential Transform Method
Basic definitions and operations of differential transformation are introduced as follows. Differential transformation of the functionf η is defined as follows:
in 3.1 , f η is the original function and F k is the transformed function which is called the T-function it is also called the spectrum of the f η at η η 0 , in the K domain . The differential inverse transformation of F k is defined as
implies that the concept of the differential transformation is derived from Taylor's series expansion, but the method does not evaluate the derivatives symbolically.
However, relative derivatives are calculated by an iterative procedure that is described by the transformed equations of the original functions. From the definitions of 3.1 and 3.2 , it is easily proven that the transformed functions comply with the basic mathematical operations shown in below. In real applications, the function f η in 3.2 is expressed by a finite series and can be written as
Theorems to be used in the transformation procedure, which can be evaluated from 3.1 and 3.2 , are given below.
3.5
Taking differential transform of 2.9 -2.13 , the following equations can be obtained
Mathematical Problems in Engineering
where F k , G k , K k , S k and Θ k are the differential transforms of f η , g η , k η , s η and θ η . The transforms of the boundary conditions are
where γ i i 1, . . . , 5 are constants. For these constants, the problem is solved with 3.7 and then the boundary conditions 2.14 are applied
For δ 0.5, N 20, and Pr 7, we have 3.10
Results and Discussion
Graphical representation of the obtained results is very useful to demonstrate the efficiency and accuracy of the DTM for above problem. Figures 2-7 show the normalized velocity profiles f η , f η , g η , k η , and s η obtained by the DTM and the HAM 5th-order approximation in comparison with the numerical solution by the fifth-order Runge-Kutta method. The HAM solutions are obtained from 21 . In Figures 2-7 , we can see a very good agreement between the DTM and numerical results. In Table 1 , the analytical results of DTM and HAM are compared with numerical method. Table 1 indicates that the results obtained by the DTM have six digits precision with the numerical solutions. So, it is obvious that the DTM reaches a very high accuracy in comparison with the HAM for similar values of series size On the other hand, the accuracy of the HAM results increases when the order of approximation increases . In Figure 8 elucidates that CPU time of the DTM is smaller than the HAM. It should be mentioned that the DTM has some problems in solving the boundary value problems which have boundary conditions at infinity; on the other hand, with the HAM one can easily solve this kind of problems. The normalized temperature profiles for different values of the Prandtl number are represented in Figure 9 . The Prandtl number ranges from 0.01 for liquid metals, to 7 for water and to more than 100 for some oils. From Figure 9 , it can be seen that the DTM solution contains all of groups. This figure elucidates that series size increase with Pandtl number. In Figure 10 , the DTM solutions of the normalized temperature profiles are obtained for different values of series size.
Conclusions
In this paper, the DTM was applied successfully to find the analytical solution of steady three-dimensional problem of condensation film on inclined rotating disk. The results show that the differential transform method does not require small parameters in the equations, so the limitations of the traditional perturbation methods can be eliminated. The reliability of the method and reduction in the size of computational domain give this method a wider applicability. Therefore, this method can be applied to many nonlinear integral and differential equations without linearization, discretization or perturbation. It should be mentioned that the DTM has some problems in solving the boundary value problems which have boundary conditions at infinity, on the other hand with the HAM one can easily solve this kind of problems. 
